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Abstract 

In the case of the process e^e^ fi^fi^, we study the sensitivity to either 
Z' or anomalous gauge coupling effects of two new observables, a+ and 
conveniently defined for such kind of analysis. We discuss general properties of 
the deviations of these observables from the Standard Model predictions, and 
derive the model-independent bounds on the relevant parameters allowed by 
present and foreseeable LEP2 data. We also discuss the possibility of separating 
the two kinds of effect. 
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1 Introduction 



The existence of a heavy neutral gauge boson Z' is theoretically motivated by most 
extended electroweak scenarios attempting to overcome the conceptual difficulties of 
the Standard Model [^. The knowledge of the Z' parameters, such as the mass and 
couplings to ordinary fermions, would be essential in order to test these extended 
theories. Numerous strategies to evidence manifestations of the Z' in experiments at 
high energy e^e~ and hadronic colliders have been developed. Due to the present 
'direct' lower mass limit from the Tevatron, Mz' > (9(500) GeV [@], only 'indirect' 
manifestations of the Z' can be searched for at the energy of LEP2. The preferred 
channel in this case should be the electron-positron annihilation into fermion pairs, 
where the Z' contributes already at the Born level 0. In this regard, particularly 
convenient should be the annihilation into lepton pairs 

e+ + e~-^r+/ {l = j2,T) (1) 

where, assuming lepton universality, the number of Z' parameters is significantly 
reduced, leading to characteristic, model-independent potential signals. These effects 
manifest themselves as deviations of observables from the Standard Model (SM) 
predictions, to be compared to the experimental data, not only as regards the size of 
the signals, but also their characteristic signs and energy dependences. In the case 
of no observed signal within the experimental accuracy, the result of the analysis can 
be expressed as bounds on the Z' parameters to a conventionally specified confidence 
level. 

Similar effects in process (|l]) can arise from the independent physical mechanism 
represented by anomalous gauge boson couplings, that can contribute even at the tree 
level 0. Clearly, in the case of no observed effect, upper limits on the anomalous 
gauge couplings can be obtained from the data. On the other hand, it would be 
desirable to have some criterion to distinguish the two sources of such nonstandard 
effects, in the case these were observed. 

The aim of this paper is to present a discussion of the general properties of the 
deviations from the SM predictions due to the Z' and to the anomalous gauge cou- 
plings, at the energies of LEP2. In particular, some criterion to distinguish the two 
kinds of signal is worked out. Moreover, the constraints on the relevant parameters 
are derived either from the present LEP2 data and in the case of the foreseeable ones. 



2 Manifestations of Z' 

We start from the general neutral-current interaction including the Z': 

- L^c = eJ!;A, + gzTzZ, + Q^z'Jz'Z',. (2) 

where e = A/47rae.m.; Qz = e/swCw (with s^y = 1 — = sin^ 9w) and gz' are the Z 
and Z' gauge couplings, respectively. The currents can be written as 

Jt = Y.^n'{LlPL + rIpr)^} = Y.^n'{v/ - A{^,)^Pf. (3) 
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Here, i = 'j, Z, Z' and Pl,r = (l=F75)/2 are projectors onto the left- and right-handed 
electron helicity states, so that R{ = V/ — A{ and L{ = V/ + A{ . The Standard 
Model (SM) couplings are 



= Qf, A{ = 0; Vi = ^-f 



QfS 



2 ^~ 2 



(4) 



In general, the unpolarized differential cross section for electron-positron annihi- 
lation into a fermion-antifermion pair, e+e^ ^ff, can be written in Born approxi- 
mation including 7, Z and Z' exchanges, as: 



da 



ff 



dcosO 



2s 



[l + cos^9) Fi + 2cos9 F2 



(5) 



where 6 is the angle between the initial electron and the outgoing fermion. 
For our purposes, it is convenient to split Fi and F2 as: 



F2 = Fi''' + AF2. 



(6) 



In Eq. 



SM 



QiQj + 2 QeVeQfVfRexz + (vi + ai){vj + aj)\xz\ 
2 QetteQjafRexz + 4 WefleW/a/lxzP, 



(7) 



and the deviation due to the Z' is 



AFi = 2Q,v'^Qfv'fRexz' + K +a','){v'/ + a'/)\xz'r 
+2 {vev'^ + aea'^){vfv'f + afaf)Re{xzX*z')^ 

AF2 = 2 Q^a'^Qfa'fRexz' + 4 «w}a'^|xz'P 

-F2(weag + v'^ae){vfa'f + v'j-af)Re{xzX*z')- 

Here, the gauge boson propagators are = ^/(s — My + iMyFy), V = Z, Z', and 
the fermionic coupling constants are normalized as: 



vf = -vL 



«/ = — ^z, 



e 



9z^Af 
/1 57/. 



V 



e •' e e 

The total width Tz' can be assessed from a sum over the partial widths: 



ij/Ml v'f + a^^ + 2m) /Ml, {v'f - 2a'^^) 



(9) 



The leptonic channel (|I|) has the nice phenomenological feature that, assuming 
leptonic e—l universality, only three independent nonstandard parameters are needed: 
the couplings f;, a'l and the mass Mz'. More parameters would be needed in the 
description of e^e~ qq. 
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Concentrating on process (|T|) at LEP2 energies with / = /i, the two conventionally 
used observables are the total cross section 

^M/. = / T^^COS^ = CTptFi, (10) 

J a cos 6 

-1 

with CTpt = cr(e+e~ ^ 7* ^ A*^/^ ) = (^Trctg ) / (3s) , and the forward-backward 
asymmetry 

= ^ = ~ = 3F2/4F1, (11) 



where the forward and backward cross sections are defined by o"^,, = 
Jq {da / d cos 6) d cos 6 and a^^ = j\{da^^/ d cos 9) d cos 9, respectively. 

As it will appear in the sequel, in order to identify Z' effects in process (^ it may 
be convenient to consider, alternatively to ApB, just the difference ctfb between the 
forward and backward cross sections. 

To discuss the distinctive features of nonstandard physical effects induced either 
by the exchange of a Z' or by anomalous gauge couplings, we introduce also the 
new observables a+ and cr_ defined as the differences of cross sections integrated in 
suitable ranges of cos 9: 



1 

i\ da 



dcos9 



^dcos9, (13) 



where > is determined from the condition that the kinematical coefficients 
multiplying Fi and F2 in Eq. (^ be the same after integration over cos^. The 
condition is 

J' {l + cos'^9) dcos9 = (^J^ - J ^ 2cos9 dcos9, (14) 
and gives the equation for z* 

^z*^ + z*^ + z* -1 = 0, (15) 

whose solution is z* = 2^/^ — 1 = 0.5874, corresponding to 9* = 54°. In the case 
of a reduced kinematical range of the scattering angle such as, e.g., | cos^| < c, one 
derives z* = (1 + 3c) — 1. One can write a+ and a- in terms of Fi and F2 as 

a± = a; (Fi±F2), (16) 

where, to a very good precision: 

a;,^^(l-z*')a^, = 0.5a^,. (17) 
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The new, independent, observables a± are simple combinations of the conventional 
ones cr^^ and Ayb- Indeed, from Eqs. (p!OD, (p!TD, (|16D and (p!7|): 

(T± = 0.5 a^^ [l ± ^Afb) = 0.5 (^a^^, ± ^ctfb) , (18) 

so that CT+ and cr_ can be measured either directly according to Eqs. (|1^) and (pTSD 
or indirectly by means of a^^ and A^b- 

The previous formulae for the differential cross section (|^), as well as those for 
all of the other observables, are still valid to a very good (improved Born) approxi- 
mation which includes one-loop electro-weak radiative corrections, with the following 
replacements P, @: 



1 

ae.™. ^ a(M|); ^ ^ (/L - 2Qe sin^ O'^) ; ai ^ ^ 



sin^^^^sin^C; sin^(2C) - - = 4^^^; + ^ 



(19) 



where only the main contribution to p, coming from the top mass, has been taken 
into account. This parameterization uses the best known SM parameters Gp, Mz, 
and a(M|). Moreover, the energy dependence of the Z-width should be accounted 
for by the replacement of the Z propagator: 

In our analysis, the improved Born approximation with mt = 175 GeV and rriH = 
300 GeV is used. 

While the numerical results are obtained from the exact formulae, for the sake 
of a simplified presentation of the analysis it is convenient to make a few, harmless, 
assumptions: 

i) since the typical lower bound for the Z' boson mass, is much larger than the 
LEP2 energy, it suffices to take into account Z' interference effects only, the pure Z' 
exchange contributions being negligible; 

ii) since in the SM \vi\ <C \ai\ < 1, in the expressions of the deviations from the 
SM due to the Z' we neglect vi with respect to a/. In addition, one can neglect the 
imaginary part of the Z' boson propagator. 

In the approximations i) and ii), the deviation of the cross section from the SM 

^ ^ ^ _ ^SM 



prediction, Aa^^ = a^a - af^ff , reads 



A(T^,, ^ 2(Tpt (y[^ + Re xz) Xz', (21) 

where the two terms represent the 7 — Z' and Z — Z' interference, respectively, and 
v[, a'l are the leptonic vector and axial- vector couplings to the Z' defined in Eq. (H). 

In Eq. (|2T|) , only squares of leptonic couplings appear, so that one has the general 
property that the sign of the deviations of the cross section from the SM prediction 



4 



due to the Z' is definitely negative at the LEP2 energy, because both terms within 
the round brackets are positive. From Eq. (P), it is clear that this is independent 
of the simplifying assumption m) above. Also, such sign definiteness holds only for 
process (|l|), assuming universality between initial and final leptons \i or r, and not 
for the the process e+e^ qq, where additional assumptions on the fermion coupling 
constants would be needed. 

The deviation of crpB in ([Tl|) from the SM prediction, Actfb = fFB — <^vbi has a 
similar expression: 

AfXFB ~ - apt (a; 2 + a] Rexz) Xz', (22) 

and at LEP2 it generally has the same negative sign property for arbitrary leptonic 
Z' couplings as the cross section cr^j^. Such sign property of Z' effects for these 
observables can be used to attempt a model-independent distinction of the Z' from 
analogous anomalous gauge coupling effects, if some deviations were observed. 

Concerning the forward-backward asymmetry (|n|); the deviation from the SM 
prediction is expressed as 



AAfb = Afb - ^Ib ^ 



Xz' (23) 



and, in contrast to the case of cr^^ and ctfb, at LEP2 energy it can be either positive 
or negative, depending on the actual values of the Z' couplings. 
The deviation of cr+ from the SM prediction has the expression 

Aa+ = (T+ - (T^^ ^ (Tpt (1 + a] Re xz) ■ {v\^ + o!^)xz'. (24) 

Eq. ( p4D shows that the dependence of A(T+ on the Z' parameters is characterized by 
the expression [y'^ + ap)xz', which is a negative quantity at ^ < Mz' for arbitrary 
Z' couplings. In addition to the definite negative sign, Acr+ has the property of 
depending on the total center of mass energy ^/s via the factor (1 + of Re Xz), which 
is completely determined by well-known SM parameters. Fig. la shows the energy 
dependence of the relative deviation Act+/ct^^. In this numerical example, we have 
considered a 'sequential' Z' with couplings v'l = vi, a'l = ai and with masses Mz' = 
500 GeV and Mz' = 700 GeV. In this figure, one should notice the characteristic 
sign correlations of Acr+ at the different energies expected from a Z' (Ao"_|_/o";^*^ is 
sequentially negative, positive and then negative again, with increasing y^). 

As regards cr_, it has in common with o"+ the property that the deviation from 
the SM prediction 

Aa_ =a - a^"^ ^ a^, (1 - Re Xz) ■ {v[^ - a\^)xz' (25) 

has an energy dependence completely determined in terms of SM parameters. 
However, in contrast to Ao"+, the sign and magnitude of Acr_ is determined by 
(fp — a'i^)xz'i for which both the positive and the negative signs are generally possi- 
ble. Fig. lb shows the energy dependence of the relative deviation A(T_/(7^^, which. 
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Observables 


Sign defined 


Energy dependence defined 




yes 


no 


AapB 


yes 


no 


A^FB 


no 


no 


Ao-+ 


yes 


yes 


A(7_ 


no 


yes 



Table 1: Model-independent properties of deviations induced by a Z' at LEP2 energy 

similar to A(T+, has the characteristic sign correlations at the different energies. In 
the case of Fig. lb, we take a Z' with same mass values as in Fig. la, but with 
couplings such that v'l^ — af = ±(1;;^ — a;^) (to give an example). 

The properties of the deviations AC of the observables considered above (O = 
o'tj.fM, CTpB, ^FB, cr±)) are summarized in Table 1. As previously emphasized, these 
properties of the observables may be useful to identify (or to discard) the Z' as 
the (indirect) source of some deviations from the SM predictions, if experimentally 
observed. 

Alternatively, it should be interesting to assess the sensitivity to the Z' of the 
observables O, and the corresponding potential to constrain Z' parameters within an 
allowed region, in the case no deviations were observed within the expected exper- 
imental accuracy. We may attempt a model-independent analysis, which accounts 
either for the uncertainty of experimental data currently available from LEP2, or for 
the accuracy foreseeable for the future data with the planned integrated luminosity 
of 500 pb^^. To this purpose, it is convenient to adopt the general expression of the 
neutral current interaction of the Z' given, e.g., in Refs. p, and rewrite (H) in 
terms of the 'effective' vector and axial-vector couplings 



f 



\ 



Ml 



9h 

Att Ml - s' 



\ 



Ml 



9%_ 

47r M|, - s 



(26) 



One of the advantages is that (26) allows to represent bounds on a two-dimensional 
scatter plot, without making reference to specific values of M^/ or s. 

The sensitivity of the observables a± has been assessed numerically by defining a 

function as follows: 

'AC\2 



X 



SO J 



(27) 



where the uncertainty 60 combines both statistical and systematic errors. As a 
criterion to derive allowed regions for the coupling constants in the case where no 
deviations from the SM were observed, and in this way to assess the sensitivity of 
process (|1|) to Vi and Ai through the observables O, we impose that < Xcrif where 
Xcrit is a number that specifies the desired 'confidence' level. We take the current in- 
tegrated luminosities and systematic uncertainty relevant to the cross section of the 
leptonic process e~^e~ fJ'^fJ'" at LEP2, as summarized in Table 2. In addition, to 
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161 [GeV] 


'^syst 


172 [GeV] 


'^syst 


L3 m 






10.9 pb-^ 


4.0% 


10.2 pb-^ 


4.0% 


OPAL 1 
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10.1 pb-^ 


2.2% 


10.3 pb-^ 


2.8% 


ALEPH [O 


11.08 pb'^ 


2.3% 


10.65 pb-^ 


2.3% 


DELPHI 





9.95 pb-^ 


3.5% 


9.98pb-^ 


3.4% 



Table 2: Systematic errors and integrated luminosities collected at current experi- 
ments at LEP2 

assess future possibilities of improving the sensitivity, we work out the same example 
by using the expected final luminosity at LEP2, assuming for the systematic uncer- 
tainty, in this case, 5syst = 0.5% 0). The numerical analysis has been performed by 
means of the program ZEFIT, which has to be used along with ZFITTER . 

In Fig. 2 we show the results from cr±, and compare the bounds on the couplings 
( p6D obtainable from current and future experiments at LEP2, with inputs from 
Table 2. The contours are derived from the combination of both observables, 0"+ and 
(T_, and correspond to two standard deviations (Xcrit = 4). From the numerical point 
of view, a comparison of allowed bounds on {Ai, Vi) depicted in Fig. 2 with those 
obtained from a similar analysis of a^^ and Ape indicates that the new observables 
0"+ and cr_ have a slightly better sensitivity. This reflects the fact that, according to 
(P^D, ( P3| ) and the deviations Aa+ and A(T_ are proportional to combinations of 
Z' coupling constants (Vi^^Af, respectively) rather than the individual ones, so that 
a one-parameter fit applies in this case, rather than a two-parameter one. Moreover, 
we may remark that the above analysis is a model-independent one, as it starts from 
rather general considerations. Therefore, it can usefully complement the conventional 
analysis of Z' couplings based on the observables a^^ and ApB- 

3 Effects of the anomalous gauge couplings 

In this regard, we now discuss a specific case of models with anomalous gauge 
couplings. This case was considered in Ref. Q], specifically concentrating on the 
SU{2) X U{1) invariant Lagrangian with only dimension six operators. Of these op- 
erators, four ones (denoted as Obw: C^dw: Odb, and affect the neutral current 
and charged current amplitudes at tree level, and five more induce effects at the 
one-loop level. Of these five operators, three ones lead to anomalous trilinear vector 
boson couplings. As it was shown in Ref. 0, the quadratically and logarithmically 
divergent contributions of the latter five operators to neutral and charged current 
amplitudes are equivalent to a renormalization of the four operators Obw, Odw, 
Odb, and C$ i which contribute at tree level. Although the number of parameters 



of this model is apparently rather large, it was shown in Ref. ||T^ that in the Z-peak 
subtracted representation only two parameters remain in the process e~^e~ ff, 
since and ^ are fully reabsorbed in the input parameters and s^(M|). 
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In the Z-peak subtracted representation, the observables cr^^ and ctfb are given 
by 0: 



a. 



pt 



1 + 2Aa(s^ 



~ I |2 4 

\Xz\ a 



apt 2Rexz a 



1 - 2R{s) - WswCwY^^^i^) 



„~,2 



l + vf 



X 



l + Aais)-Ris)-8'-^V{s) 



(28) 
(29) 

(30) 



(31) 



and 



(Tfb(S 



cr 



FB y 



a 



FB I 



a 



(iZ), 



FB 



2 . 



1 + ^2)2 



1 _ 2i?(.) - 8^V(.) 



3 2 1 



-dpf 2Rexz a ^ ~2 + ^"(5) - -R(s 



(32) 
(33) 

(34) 



Here: (Tpt = 
V = 1 -As"^ 



Ana' 

~3r 



a = a(0) ~ 1/137, = sin^ 6^^^ as in 



and 



Contributions of anomalous gauge couphngs (AGC) to the above equations can 
be written as: 



A(^«^)«(s) = -8vr«-^ [/Lv, + fhs] 



2 J2 



A2 



^wfoW + -^wfoB 



4 AT 



2 



(35) 
(36) 
(37) 



In these equations, A is the mass scale of the new interaction, and and f^^ 
are the renormalized couplings that are associated to the six-dimensional effective 
operators 



O 



DW 



Tr ( 



(38) 
(39) 



that are involved in the effective Lagrangian 0] and survive in the Z-peak subtracted 
representation. 
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It is convenient to express the deviations of the cross section and of the forward- 
backward cross section from the SM prediction, at energies away from the Z peak, in 
the approximation based on the simphfied assumption m), and neglecting numerically 
irrelevant small contributions. The result is: 

^o^, ^ a,t (-Svra^) [(2.4 f],^ + 1.8 fD^) + a^Re^z (2.4 /I,^ + 0.2 fD^)] (40) 
and 

AapB ^ \a,t (-8^«X^) [(2-4 fhw + 0-2 /Lb) + a'Rexz (2.4 f],^ + 1.8 /L^)] .(41) 

The corresponding expressions for the new observables cr+ and cr_ can be easily 
derived from the relation (|1^) and the formulae for a^^ and ctfb- The result is: 

Aa+ ^ (-87r«^) (l + a^Rexz) (2.4 /^^ + 1.0 fDs) , (42) 

and 

Aa_ ^ apt (-8^«^) (l - «'Rexz) 0.8 /L^. (43) 

Fig. 3a shows the relative deviation Acr+/cr;^*^ induced by the anomalous gauge 
couplings with {fi)w, fDB)= (='=1,±1) and A = 1 TeV, as numerical examples. 
In contrast to the Z' case (Fig. la), the sign of the deviation due to anomalous 
gauge couplings is not defined, i.e., it may be either positive or negative at ener- 
gies up to LEP2. However, as Eq. ( ^2]) shows, characteristic energy correlations of 
the deviation occur also in this case. Indeed, for certain values of the parameters 
{fhwy fhs = (I5 (Ij the energy behaviour of the deviation due to anomalous 
gauge couplings is the same as that in Fig. la for the Z', while for other choices of 
the parameters {f^w^ fhs — 1)? ^1)) the behaviour is opposite to the Z' 
case. 

Fig. 3b shows the energy behaviour of Acr_ / cr^*^ for the same choice of the param- 
eters. Such behaviour is qualitatively similar to the Z' case, in particular regarding 
the energy correlations of the sign of the deviation. Moreover, from Eq. (^), Acr_ 
depends on the couplings f^^ only, and therefore just a one-parameter fit to current 
(and expected) experimental data is required for this parameter in our analysis. 

Concerning the distinction of the two potential sources of nonstandard effects 
considered here, Z' vs anomalous gauge couplings, one can use the negative sign 
property at LEP2 of Acr+ as well as Aa^^ and Actfb, which holds for the former case 
(Table 1) but not for the latter one. The hatched area in the {fowJoB) plane of 
Fig. 4 corresponds to the values of anomalous gauge couplings such that the deviations 
of Eqs. (|40|)-(^2D are negative at LEP2. This is a 'confusion' region, where both 
nonstandard mechanisms can induce the same deviations from the SM prediction, 
and therefore cannot be distinguished through the property of negative sign deviation 
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of the observables introduced here. On the contrary, the white area on the left of 
the hatched one is determined by values of the anomalous couplings such that the 
corresponding (positive) deviations are not allowed to the Z' and, in this sense, the 
source of the nonstandard effect can be distinguished. 

Another condition can be derived by considering that Eqs. ( p^ and ( |25| ) imply, 
for the Z\ that 

Act_ ^ 1 - Rexz v? - a? 

A(x+ 1 + afRexz ' + af ' ^ ' 

with, of course, - af )/{v[^ + af )| < 1. For, e.g., i/i = 190 GeV, the above ratio 
is limited by 

, Ao-_ , , , 
<0.36. 45 

Taking into account Eqs. (|^) and (|4^) for the case of the anomalous gauge couphngs: 

Act. _ 1 - g^Rexz ua) 
Acr+ l + a2Rexz 2.4/^^ + l.O/B^ ' ^ ' 



and, comparing with the numerical bound (^Sj), one finds that the actual 'confusion' 
region between the two kinds of mechanism is limited by the lines 4 and 5 of Fig. 4, 
and therefore is somewhat reduced. 

Finally, the contours in Fig. 5 represent the upper bounds on /j^^y and allowed 
by the combination of a+ and cr_ at the 2-a level, in the case of no deviation observed 
from the SM, using the current LEP2 data of Table 2 and the expected experimental 
uncertainty with the future full luminosity. Numerical values of the anomalous gauge 
couplings included in the area between the two ellipses give rise to deviations from 
the SM that are, potentially, still in the reach of future measurements at LEP2. The 
values of the anomalous couplings within the shaded area produce deviations which 
can also originate from the Z', and in this sense identify the so-called 'confusion' 
area. 
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Figure captions 

Fig. la Relative deviation Aa^/a^'^ induced by a 'sequential' Z' with v'l = Vi 
and a'l = ai. Mz' = 500 GeV (line 1) and Mz' = 700 GeV (line 2). Notice 

Aa+/al^ = at = Mz/^l + aj ~ 78 GeV and ./s = Mz. 

Fig. lb Relative deviation Aa-/a^^. Lines 1 and 2 correspond to v'l^ — a'l^ — vf — 
af, Mz' = 500 GeV and Mz' = 700 GeV, respectively. Lines 3 and 4 correspond 
to v'l'^ - a'l^ = -(vf - of) and Mz' = 500 GeV, Mz ' = 700 GeV, respectively 
Notice Aa_/a^^^ = at ^ = Mz and ^ = Mz/^l - of ~ 113 GeV. 

Fig. 2 Upper bounds on the Z' couplings (A^, Vi) determined by a± at the 2a level. 
The solid contour is obtained from e^e~ fi~^fi~ with inputs summarized in 
Table 2. The dashed line is obtained with L^nt = 500 pb^^ and \/s = 190 GeV. 
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Fig. 3a Relative deviation Acr^ / induced by anomalous gauge couplings. Lines 

1,2,3 and 4 correspond to: {fhw^ /W = (l, 1); (1,-1); (-1,1); (-1,-1), 
respectively. 

Fig. 3b Relative deviation of Acr^/a^^, parameters as in Fig. 3a. 

Fig. 4 Straight lines in the two-dimensional plane {fow, fhs) corresponding to 
AcXfj,^ = (line 1), Ao"+ = (line 2) and Actfb = (line 3). The hatched area 
is the 'confusion' area between Z' and anomalous gauge couplings effects when 
the deviations Ao"^^, AcrpB and Acr+ are negative at LEP2. The shaded area 
is the reduced 'confusion' area using also the solutions of (|^) and (|i6| ) (lines 4 
and 5). 

Fig. 5 Upper bounds on the anomalous gauge couplings {f^yy, fhs) determined 
by cr± at the 2a level. Input parameters for solid and dotted lines are as in 
Fig. 2. The shaded area is the 'confusion' one, where Z' and anomalous gauge 
couplings can produce the same deviation. 
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